Objective: To study the influence of rheumatologists' adherence to a methotrexate guideline on efficacy and toxicity in the treatment of rheumatoid arthritis. Methods: In a 48 week randomised controlled trial of methotrexate, comparing folates with placebo, rheumatologists were advised on methotrexate dosage using a guideline reflecting daily practice. The influence of guideline non-adherence on outcome was analysed using generalised estimating equations and survival analysis.
T he most important aim in the treatment of rheumatoid arthritis is the reduction and control of inflammation and the prevention of joint damage. 1 In general, antirheumatic drug treatment should be used in doses that are sufficiently high to reduce inflammation, unless limiting toxicity is reached. 1 Methotrexate is regarded as an anchor antirheumatic drug. It acts relatively fast and shows a doseresponse relation. This gives the rheumatologist the opportunity to ''titrate'' disease modifying antirheumatic drug (DMARD) treatment to control disease activity. 2 However, in practice it may be difficult to find the optimal effective antirheumatic drug dose for an individual patient. An important reason is the difficulty in assessing rheumatoid inflammation. Thus a combination of standardised systematic evaluation of rheumatoid inflammation and guidelines to assist the clinician's judgment may be helpful in the treatment of patients with rheumatoid arthritis. 3 The effort involved would be justified if guidelines can be shown to be effective in improving the physician's performance and in leading to an improved health outcome. 4 In the case of rheumatoid arthritis, we had the opportunity to study the influence of guideline adherence on outcome in a randomised controlled trial reflecting daily practice. 5 The objective was to study whether rheumatologists' guideline adherence had an influence on the efficacy and toxicity of treatment with methotrexate.
METHODS

Design
The study involved post-hoc analysis of data from a 48 week, multicentre, randomised, double blind, placebo controlled trial (RCT) on the effect of supplementation of folic or folinic acid on the toxicity and efficacy of methotrexate treatment in rheumatoid arthritis. 5 Eligible patients, who had rheumatoid arthritis according to the ACR criteria, all received methotrexate and were randomly allocated to receive placebo, folic acid, or folinic acid in addition. Rheumatology units from universities as well as general hospitals participated. The same study nurse monitored the patients for adverse events every three weeks. Every six weeks, the patients were additionally monitored for effectiveness and visited their attending rheumatologist. In case of adverse events, visits could be scheduled as needed. Complete information on patients and methods is given in the original publication. 5 The ethical committees of all participating hospitals approved the study protocol.
Guidelines
Methotrexate was taken orally once weekly, with a starting dose of 7.5 mg/week and a maximum dose of 25 mg/week. Every six weeks, the dose was increased by 2.5 mg/week until a predefined good response in disease activity was achieved. Disease activity was measured using the disease activity score (DAS). 6 A good response was defined as a DAS reduction of >1.08 points (significant change) leading to a current level of DAS (3.2 (low disease activity). The response criteria were a preliminary version of the EULAR criteria, which require a DAS reduction of .1.2 and achievement of low disease activity for a good response. 7 In the presence of mild adverse events, the methotrexate dose was decreased. In the case of moderate adverse events, the use of methotrexate was temporarily stopped. The occurrence of a severe adverse event led to immediate and definitive cessation of methotrexate (see Van Ede et al 5 for more details). The guidelines were applied by a study coordinator who calculated the DAS and judged efficacy and toxicity on the basis of the results of the monitoring. The attending rheumatologist was advised about the Abbreviations: ACR, American College of Rheumatology; DAS, disease activity score; DMARD, disease modifying antirheumatic drug; EULAR, European League Against Rheumatism; RAI, Ritchie articular index; RCT, randomised controlled trial; TNFa, tumour necrosis factor a; VAS, visual analogue scale methotrexate dose by phone. This all took place within one week to ensure that dose changes were effective at the patients' next methotrexate intake. However, attending rheumatologists were allowed to deviate from the dose proposed by the guidelines. The methotrexate dose that was finally prescribed was recorded.
Measures
The DAS was calculated using the Ritchie articular index (RAI), a swollen joint count, erythrocyte sedimentation rate (ESR), and general health. 6 The RAI was calculated according to the grading and accumulation described by Ritchie et al, and ranged from 0 to 78. 8 The swollen joint count ranged from 0 to 44. General health (GH) and pain were rated on 100 mm visual analogue scales (VAS). Patient and physician global disease activity were rated on scales ranging from 0 (no activity) to 5 (very severe activity). The importance of possible adverse events was rated by the patients and used in the calculation of toxicity indices according to Fries and the modification by Felson. 9 10 Outcomes For this study, the course of the DAS over time was regarded as the primary outcome for efficacy. Primary outcome for toxicity was the occurrence of severe adverse events leading to the definitive cessation of methotrexate. Secondary outcomes were the reduction in the DAS at 48 weeks, the response at 48 weeks, the time needed to reach a good response, the number of observations in good response, trial dropout for any reason, and the toxicity indices at 48 weeks.
Guideline adherence
The adherence of the rheumatologists to the guidelines was judged after the study had been completed. Adherence was determined from the database, by comparing the prescribed methotrexate dose with the dose proposed by the guidelines. If all methotrexate prescriptions for an individual patient were in congruence with the guidelines, this was determined to be a case of full adherence (FA). A case of non-adherence (NA) was determined if one or more decisions were not in agreement with the guidelines. In case of non-adherence, the dose deviation from the guidelines was calculated. If the dose deviation was positive, the patient was prescribed more methotrexate than the guidelines proposed, and in this case the patient was classified as NA+; if the dose deviation was negative the patient was classified as NA2.
Statistical analysis
Baseline differences between the three adherence groups (FA, NA2, NA+) were analysed using one way analysis of variance (ANOVA), the Kruskal-Wallis test, or the x 2 test as appropriate. The result of non-adherence to methotrexate dose was analysed by testing the between-group differences of the cumulative dose of methotrexate at 48 weeks, using one way ANOVA and contrasts.
The course of the DAS over time was analysed using a nonlinear regression model with random coefficients for patient, suited for repeated measurements (generalised estimating equations). 11 Differences between the adherence groups were tested using contrasts. The dropout caused by severe adverse events was analysed using survival analysis, accounting for the time dependent nature of the adherence status. 12 If that were neglected, it could seem that guideline adherence caused early dropout, whereas in fact early dropout may ''cause'' adherence by preventing the patient from being involved in non-adherence. Differences in corrected drug survival between the adherence groups were analysed using x 2 tests.
12
The survival analysis was repeated with dropout for any reason (patient wish, protocol violation, inefficacy, and severe adverse events). Differences between the three adherence groups in DAS reduction and response at 48 weeks, time to good response, number of observations in good response, and toxicity indices were analysed using the x 2 test, one way ANOVA, or Kruskal-Wallis test as appropriate. A Bonferroni procedure was applied when comparing the non-adherence groups with the full adherence group, by dividing a = 0.05 by 2, giving a border of statistical significance of 0.025. The data were analysed using SAS 8.1 (SAS Institute, Cary, North Carolina, USA).
RESULTS
Guideline adherence
In 208 (51%) of the 411 patients included in the RCT, all decisions on methotrexate dosage taken by the treating rheumatologist were in agreement with the guideline. In contrast, in 203 patients (49%) there were 390 decisions that were not in agreement with the guideline. The decisions NA2, patients with a cumulative methotrexate dose at the end of the trial period that was lower than the guidelines proposed; NA+, patients with a cumulative methotrexate dose at the end of the trial period that was higher than the guidelines proposed.
involved in non-adherence are listed in table 1. As a result, individual patients could have received less methotrexate (NA2, n = 102) or more methotrexate (NA+, n = 101) than the guideline proposed.
Baseline
In table 2, we show that both forms of non-adherence (NA2 and NA+) were equally divided among the three original treatment arms of the trial. At baseline, there were differences in sex (more women in NA+) and disease duration (NA+ shorter). A small and non-significant difference appeared in baseline values of the DAS.
Methotrexate dose
In fig 1, 
Efficacy
In fig 2, the course of the DAS over time of the three adherence groups is shown. There was a small but significant overall difference in the course of the DAS between the three groups (p = 0.028). The NA2 group had the lowest mean DAS at the start of the study, but the highest mean DAS at the end. When testing contrasts, the reduction in DAS over time in the NA2 group was significantly smaller than in the FA group (p = 0.0085), whereas the course of the DAS of the NA+ group did not differ from the FA group (p = 0.64).
Correction for the level of DAS at baseline did not change the results (not shown). At week 48, the decrease in the DAS was larger in the NA+ and FA groups than in the NA2 group (table 3) . Furthermore, the NA+ and FA groups had a larger fraction of good responders, a shorter time to good response, and more observations in response than the NA2 group (table 3) .
Toxicity
The dropout rate caused by severe adverse events was not different between the NA2 group and the FA group (x 2 = 0.19 (1 df); p.0.60) or between the NA+ and FA groups (x 2 = 0.14 (1 df); p.0.70). The survival curves are shown in fig 3. From the curves it can be seen that the dropout in the FA group starts earlier, pointing to the effect of early dropout ''causing'' adherence, which needed statistical correction in the survival analysis. When analysing dropout for any reason, there were again no significant differences between the adherence groups (not shown). At 48 weeks, no significant differences in the toxicity indices appeared between the three adherence groups (table 3) .
DISCUSSION
To our knowledge, this is the first study to show that adherence to guidelines for drug dosing may make a difference in efficacy. According to our results, the prescription of methotrexate doses lower than the guidelines proposed reduced efficacy and had no clear beneficial effect on toxicity. The DAS reduction in favour of guideline 57 (14) 53 (14) 58 (11) Methotrexate cumulative dose differences are calculated as differences of the non-adherence groups from the full adherence group. Differences are presented as medians. MTX, methotrexate; NA2, patients with a cumulative methotrexate dose at the end of the trial period that was lower than the guidelines proposed; NA+, patients with a cumulative methotrexate dose at the end of the trial period that was higher than the guidelines proposed.
adherence was small, but large enough to translate into a shorter time to response and more patients being good responders. The effect of prescribing higher doses than the guidelines proposed did not seem to be more beneficial than full adherence to the guidelines, presumably because the resulting cumulative methotrexate doses were comparable. Thus, in the case of guidelines using the DAS for methotrexate dosing in rheumatoid arthritis, strict adherence to the guidelines appears to be unproblematic and moreover more beneficial than the use of a more loosely ''individualised'' guideline interpretation. As it can be expected that variation in prescribing methotrexate dose in daily clinical practice is much larger than in this study, clinical guidelines that are sufficiently adhered to may have a greater influence on efficacy, and perhaps on toxicity, in daily clinical practice. In the original trial, no significant differences in the course of the DAS between the three treatment arms were found. 5 It is important to note that adherence to the guidelines was equally divided among the three original trial arms. Also, the rheumatologists were allowed to deviate from the guideline for methotrexate dosing. Thus we feel there is no indication that the results were biased by systematic differences in study medication or false records of dosage. The guidelines were derived in a consensus procedure involving key persons from participating centres. Among these there were no rheumatologists or centres that showed a tendency to greater non-adherence than the others (not shown). The most frequent reasons for deviating from the guidelines were the wishes of the patient, a desire to prevent possible adverse reactions, or the wish to induce a response more rapidly. As it was the aim of the original trial to achieve optimal guideline adherence, the differences in methotrexate dose between the three adherence groups were not very large. This means that large differences in outcome between adherence groups cannot be expected. No significant difference in toxicity was found, which may also reflect the limited sample size.
The main limitation of this study, however, is that patients were not randomised to either the use of guidelines or usual care. The problem with non-randomisation in any clinical trial is that confounding by indication may occur. For this study, it is therefore not certain what toxicity or efficacy would have been reached in the NA2 group had full guideline adherence been applied. Further, variations in guideline use were studied, rather than guideline use versus no use of guidelines. Thus, to be able to answer the question of whether clinical guidelines on drug dosage can indeed be used to improve physician's performance and the health outcome in rheumatoid patients, it is necessary to use an RCT design, comparing the use of clinical guidelines with ''usual care''.
It should be noted here that clinical guidelines are not intended to replace clinical judgment, and also do not necessarily describe the only way in which a patient can be treated. 3 However, the contribution of guidelines to clinical practice is that they provide an analytical framework for evaluation and treatment. 3 The main difficulties in performing an RCT on clinical guidelines are that guidelines are intended to change physicians' performance, while behaviour is generally difficult to change, 13 and that guidelines are directed at the physician, while relevant effects are expected at the patient level. Perhaps because of these difficulties, there is to date not much evidence that guidelines on drug prescription can change physicians' behaviour and consequently influence health outcomes. [14] [15] [16] [17] [18] [19] [20] [21] [22] In rheumatoid arthritis, there has been limited evidence available until now. In a FA, patients with full guideline adherence; NA2, patients with a net lower methotrexate dose than the guidelines proposed; NA+, patients with a net higher methotrexate dose than the guidelines proposed.
follow up study of a cohort of rheumatoid patients on antiTNFa, the advantages of tailoring anti-TNFa treatment compared with the ''one size fits all'' dosing scheme were demonstrated using a step-down protocol. 23 It was shown that the total amount of anti-TNFa given could be reduced by 67%, while the level of disease activity was maintained and no patients dropped out because of persistent worsening of disease activity.
For use in daily clinical practice, a monitoring system has been developed for rheumatoid arthritis. 24 This allows the systematic recording and (graphical) representation of several indices of disease activity, disability, and joint damage, together with data on drug treatment. The course of disease activity over time can be followed and compared with guidelines or another external reference. How the DAS can be used for the titration of DMARD dose in the suppression of disease activity in individual patients in daily clinical practice is explained by Van Riel and Schumacher. 25 Taking into account the limitations of this study, our data indicate that adherence to a guideline on methotrexate dosage may benefit rheumatoid patients by improving disease control without increased toxicity. However, definite proof of the clinical value of these guidelines requires a randomised controlled trial comparing guideline supported dosing with usual care.
